). On day 8, wild-type mice already searched selectively for the platform in the training quadrant (TQ) compared to other quadrants, whereas Summary ␦-cat Ϫ/Ϫ searched randomly and spent significantly less time searching in the TQ than wild-type ( Figure 1B ). Even after extended training, a PT given after 14 days Delta-catenin (␦-catenin) is a neuron-specific catenin, indicated that ␦-cat Ϫ/Ϫ mice failed to learn the platform which has been implicated in adhesion and dendritic location ( Figure 1D Despite the fact that the hidden-water maze is a sensiFurthermore, mutant mice display a range of abnortive measure of spatial learning and hippocampal funcmalities in hippocampal short-term and long-term syntion [6], deficits in motor coordination, motivation, and aptic plasticity. Also, N-cadherin and PSD-95, two provisual acuity can also impair performance. Therefore, a teins that interact with ␦-catenin [1, 5], are significantly second group of animals was tested in the visible platreduced in mutant mice. These deficits are severe but form version of the water maze, a task that is not affected specific because ␦-cat Ϫ/Ϫ mice display a variety of norby hippocampal lesions [8]. Both mutant and wild-type mal behaviors, exhibit normal baseline synaptic transanimals learned the task ( Figure 1E ), and indeed, times mission, and have normal levels of the synaptic adtaken to reach the visible platform improved and were herens proteins E-cadherin and ␤-catenin. These data not different between the groups at the end of training reveal a critical role for ␦-catenin in brain function and ( Figure 1E ). In contrast to the hidden-water maze, no may have important implications for understanding differences in floating (none observed) or thigmotaxic mental retardation syndromes such as Cri-du-Chat behavior were observed in ␦-cat Ϫ/Ϫ in this version of the and neurodegenerative disorders, such as Alzheimer's task, and it is therefore unlikely that these behaviors, or disease, that are characterized by cognitive decline.
). We observed that ␦-cat Ϫ/Ϫ animals are viable version of the water maze. and have severe impairments in cognitive function.
Despite the fact that the hidden-water maze is a sensiFurthermore, mutant mice display a range of abnortive measure of spatial learning and hippocampal funcmalities in hippocampal short-term and long-term syntion [6], deficits in motor coordination, motivation, and aptic plasticity. Also, N-cadherin and PSD-95, two provisual acuity can also impair performance. Therefore, a teins that interact with ␦-catenin [1, 5], are significantly second group of animals was tested in the visible platreduced in mutant mice. These deficits are severe but form version of the water maze, a task that is not affected specific because ␦-cat Ϫ/Ϫ mice display a variety of norby hippocampal lesions [8] . Both mutant and wild-type mal behaviors, exhibit normal baseline synaptic transanimals learned the task ( Figure 1E ), and indeed, times mission, and have normal levels of the synaptic adtaken to reach the visible platform improved and were herens proteins E-cadherin and ␤-catenin. These data not different between the groups at the end of training reveal a critical role for ␦-catenin in brain function and ( Figure 1E ). In contrast to the hidden-water maze, no may have important implications for understanding differences in floating (none observed) or thigmotaxic mental retardation syndromes such as Cri-du-Chat behavior were observed in ␦-cat Ϫ/Ϫ in this version of the and neurodegenerative disorders, such as Alzheimer's task, and it is therefore unlikely that these behaviors, or disease, that are characterized by cognitive decline.
the reduced swimming speed of ␦-cat Ϫ/Ϫ in the hidden version, are due to deficits in their ability to perform the procedural aspects of the task.
Results and Discussion
To confirm that the deficits seen in ␦-cat Ϫ/Ϫ mice were spatial in nature, upon completion of the visible maze Generation of ␦-catenin Mutant Mice testing (8 days), we switched the animals to the hidden We generated mice carrying a targeted mutation in the version of the task for an additional 8 days as previously ␦-catenin gene and observed that homozygous mutant described with PTs administered on days 12, 14, 16, mice (␦-cat Ϫ/Ϫ ) are viable and do not appear to have any and 18. Immediately during the first day of hidden training, we observed differences in the time taken to reach the platform between wild-type and ␦-cat Ϫ/Ϫ ( Figure 1E ). Figure 1E ). Furthermore, wild-type animals rapidly learned to search selectively for the hidden platform
The poor spatial learning of ␦-cat Ϫ/Ϫ in the water maze was not likely caused by stress incurred from the testing during PTs compared to ␦-cat Ϫ/Ϫ , which did not ( Figure  1F ). Throughout the remaining probe trials, ␦-cat Ϫ/Ϫ anienvironment because there were no significant differences between wild-type and ␦-cat Ϫ/Ϫ in basic explormals spent significantly less time searching for the hidden platform in the training quadrant than wild-types atory activity ( Figure 2E ) or anxiety (measured by thigmotaxic behavior, Figure 2F ) in an open field with the ( Figure 1F ). Interestingly, once the maze task reverted to the hidden version, some ␦-cat Ϫ/Ϫ started to float (2 same dimensions of the water maze and placed in the same environment. We also did not find differences beof 7 knockout, 0 of 8 wild-type). Taken together, these tween the activity of wild-type and ␦-cat Ϫ/Ϫ animals in a small novel chamber ( Figure 2C ). Taken together, these data indicate that ␦-cat Ϫ/Ϫ animals have normal levels of exploratory activity and anxiety.
␦-cat
Ϫ/Ϫ Mice Are Impaired in Pavlovian Fear Conditioning To assess if the ␦-cat Ϫ/Ϫ mice would be impaired in other learning paradigms, we tested them in a fearconditioning task [9] . No differences in pain perception, pain reactivity, or ability to freeze were observed in ␦-cat Ϫ/Ϫ mice; freezing before training and immediately after the foot shock delivery was similar between the groups (Figure 2A) , and a comparable unconditioned response to the foot shock, measured as the jump velocity [10], was observed between ␦-cat Ϫ/Ϫ and wild-type mice ( Figure 2D ). Wild-type animals showed robust contextual conditioning 24 hr later, freezing 50.74% Ϯ 7.88% of the time, whereas ␦-cat Ϫ/Ϫ animals froze significantly less: 21.78% Ϯ 5.38% (F 1,12 ϭ 7.68, p Ͻ 0.05), although still significantly more than before training (F 1,10 ϭ 8.38, p Ͻ 0.05) (Figure 2A ). Auditory conditioning assessed 48 hr later was also impaired in ␦-cat Ϫ/Ϫ mutants as indicated by wild-types that froze 37.16% Ϯ 7.27% of the time in response to the tone, whereas ␦-cat Ϫ/Ϫ froze only 14.00% Ϯ 3.79% of the time (F 1,12 ϭ 6.37, p Ͻ 0.05), which was not significantly different than pretone freezing (F 1,10 ϭ 3.32, p Ͼ 0.05) or pretraining freezing (F 1,10 ϭ 4.86, p Ͼ 0.05) ( Figure 2B ). Wild-type and ␦-cat Ϫ/Ϫ animals showed no significant differences in pretone freezing in the novel chamber (wild-type ϭ 13.75% Ϯ 4.30%, knockout ϭ 5.69% Ϯ 1.86%, F 1,12 ϭ 2.31, p Ͼ 0.05) ( Figure 2B ). These data confirm that ␦-cat Ϫ/Ϫ animals have severe learning deficits that extend beyond spatial-learning impairments.
Motor Coordination in ␦-cat
Ϫ/Ϫ Mice We investigated if ␦-cat Ϫ/Ϫ mice were affected in implicit motor-skill learning on an accelerating rota-rod. Overall, (i.e., HFS producing enhanced LTP, and LFS producing decreased LTP). We therefore assessed the plasticity either abnormally increase or decrease their long-term of ␦-cat Ϫ/Ϫ synapses by using very low-frequency stimusynaptic efficacy in a frequency-dependent manner lation (1 Hz) commonly used to induce long-term depres-( Figure 3H ). This nonlinear pattern of abnormalities in sion (LTD). This protocol produced synaptic potentiation long-term synaptic plasticity suggests that ␦-catenin derather than depression in mutants, whereas wild-type letions affect different mechanisms involved in experislices showed a decrease in potentiation (wild-type ϭ ence-dependent synaptic modifications. junctions in cognitive function and for understanding
In some experiments, paired pulses were applied at various interpulse intervals with test pulse intensity, and the resulting PPFs synaptic dysfunction in Alzheimer's disease.
